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ABSTRACT 



In a multi-processor system, the semaphore device com- 
prises a latch associated by software or hardware to a 
non-shareable resource. The output of the latch is connected 
to the bus for the re-reading of the semaphore by the 
processors. The output of the latch is also connected to an 
input of a multiplexer connected by its other input to the 
write bus of the semaphore. The control field output of the 
latch is connected to an AND gate receiving, at its other 
input, the control bit of the bus and conditioning, by its 
output, the writing of the latch. The task seeking to appro- 
priate the semaphore tries to write its unique identifier in the 
latch with the control field at «1». It then re-reads the 
semaphore register. Equality between the value re-read and 
the value written means that the task has succeeded in 
appropriating the resource. The source is released by the 
writing of the control field at «0». 

4 Claims, 1 Drawing Sheet 
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SINGLE LATCH SEMAPHORE REGISTER 
DEVICE FOR MULTI-PROCESSOR 
SYSTEMS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a fast semaphore register 
having secured operation without any specific bus protocol. 

In multi-processor systems, it often happens that several 
processors simultaneously request access to a common 
resource (such as a screen, printer, etc.). In certain cases, 
these resources may be accessible simultaneously by several 
processors. This is the case, for example, with certain 
memories. In other cases, the resources can be used only by 
one processor at a time. They are then called non-shareable 
resources. It is possible to use a "semaphore" which is a 
memory cell designed to be used by a software program so 
that, during a certain period of time, a task performed on one 
or more processors can be sure of having exclusive access to 
a non-shareable resource of the system. This semaphore 
function conventionally requires the use of special mea- 
sures: within processors, this entails the definition and use of 
particular indivisible or atomic read and write instructions 
(for example "test and set", "compare and swap", "load and 
reserve"). On the buses of the processors and the associated 
sub -buses (in the memories, the input/output circuits and the 
intercommunication buses), it is necessary to use particular 
signals (for example "lock" or "RMW", namely "read, 
modify, write") or particular bus protocols designed to 
extend the indivisible character of the cycles outside the 
processors. These specific bus protocols and these particular 
signal systems very often have the drawback of introducing 
complexity and time losses into the bus management 
systems, for example into the arbitration of the bus. 

2. Description of the Prior Art 

For example, according to the U.S. Pat. No. 5,276,886, 
there is a known semaphore device for a multi-processor 
system working in a read mode without any particular bus 
protocol or specific processor instruction. This device can- 
not give the number of the task that has switched it over to 
the "busy" state. This is because of an internal command for 
the switching over of the state of the semaphore and because 
it is impossible to take account of action related to the 
reading of the semaphore. 

According to the U.S. Pat. No. 5,317,749, there is a 
known method for controlling access to a shared resource. 
This is a purely software method and requires a specific bus 
protocol. 

SUMMARY OF THE INVENTION 

An object of the present invention is a semaphore device 
for a multi-processor system that has to access at least one 
non-shareable resource, a device that requires no particular 
hardware protocol for the exchanges with the bus to which 
it is linked, enabling the establishment, as swiftly as possible 
and without any ambiguity, of a link between the switch- 
over of a semaphore to the "busy" state and the task that has 
prompted this switch-over. 

The device according to the invention has a latch com- 
prising at least one control field and one data field, and 
means to control the writing, in said latch, of data informa- 
tion sent on a first bus to which the different processors of 
the system are connected, said means being connected to at 
least one control bit wire of said bus and to the output of the 
control field of the latch, the data output from the latch being 
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furthermore connected to at least one bus for the re-reading 
of the latch by the processor or processors and, as the case 
may be, to a non-shareable hardware resource. 

5 BRIEF DESCRIPTION OF THE DRAWING 

The present invention will be understood more clearly 
from the detailed description of two embodiments, taken by 
way of non-restricted examples and illustrated by the 
appended drawing, wherein: 

FIG. 1 is a block diagram of a preferred embodiment of 
the device of the invention, and 

FIG. 2 is a block diagram of an alternative embodiment of 
the device of FIG. 1. 

15 MORE DETAILED DESCRIPTION 

The invention is described here below with reference to a 
multi-processor system connected to a non-shareable 
resource (such as printer, display screen, software resource, 

20 etc.) but it is quite clear that it is not limited to such an 
application, and that it can be implemented in other systems 
in which the processing operations must be performed in an 
exclusive manner, at a given point in time, for each of the 
different applicants for these processing operations. 

25 The semaphore device 1 shown in FIG. 1 is connected, on 
the input side, to a bus 2 and on the output side at least to 
one or more buses for the re-reading of the latch by the 
processors and possibly to a non-shareable hardware 
resource 9. The different processors (not shown) of the 

30 system in which the device 1 is implanted are connected to 
the buses 2 and 3 (which may be one and the same bus if it 
is a two-way bus). The buses 2 and 3 are, for example and 
in a non-restrictive manner, eight-wire buses. 

35 One of the wires, for example the one assigned the most 
significant bit (MSB), is the wire on which the control signal 
described here below flows. The seven other wires of this 
bus convey the given field. 

The bus 2 is connected to a first input El of a two-input 

40 multiplexer 4. The output of the multiplexer 4 (also on eight 
bits for the above-mentioned example) is connected to the 
input of a latch 5. At rest, or when the resource 9 is free, the 
multiplexer 4 connects its input El to its output. The output 
of the latch 5 (also on eight bits for the above-mentioned 

45 example) is connected to the second input E2 of the multi- 
plexer 4. The eight data wires of the output of the latch 5 are 
connected to the latch re-reading bus 3 by the processors, 
and, possibly, to a non-shareable hardware resource 9. The 
(MSB) control signal wire for the output of the latch 5 is 

50 connected to a first input of an "AND" gate 6, the second 
input of which is connected to the control signal wire of the 
bus 2. The output of the gate 6 is connected to the control 
input (SELECT) of the multiplexer 4. The resetting input 
(RST) of the latch 5 is connected to a terminal 7 receiving 

55 a resetting signal for the latch, for example during the 
starting-up of the system. The clock signal input (CLK) of 
the latch 5 is connected to a terminal 8 receiving the 
latch-writing clock signals from the bus 2. 
The above-described device 1 works as follows. When it 

60 is started up, a reset signal is sent to the terminal 7, setting 
all the bits of the latch 5 at zero, especially the MSB, which 
is the control bit for the semaphore. This control bit, when 
it is at zero, has the meaning: "resource 9, which is associ- 
ated with the semaphore by hardware or by software, is 

65 free". 

At an instant t, any task Tl performed by one at least of 
the processors of the system seeks to appropriate the 
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resource 9 in order to perform processing operations therein It is easy to imagine that the modes of implementation 

or obtain the performance of processing operations therein. described in FIGS. 1 and 2 may be extended as follows: the 

This task Tl sends a level 1 (meaning "conditional writing") condition of writing of the semaphore coming out of the gate 

on the MSB wire of the bus 2, while at the same time 6 (or 6 1 ) may be a Boolean combination between all or part 

sending its data elements on the other seven wires of the bus 5 0 f the bits of the bus 2 or all or part of the outputs bits of the 

2. Since the input El is switched over to the output of the latch 5 , for examp i e| the free state of the semaphore 

multiplexer 4, the information elements (data elements* may be conven tionaUy encoded by the state 0 of all the 

control bit at 1) of Tl reach the latch 5. At the first clock output bitsof the latch 5. Awrite signal coming from the bus 

stroke applied to the terminal 8, the latch 5 makes a transfer, 2 ^ be considered t0 be unconditional if all the 5its of lhe 

to its output, of these information elements which are also at 10.^ . , , . x . , 

♦u • ; c i f,u i** i a t*u j * i * bus 2 are at zero (releasing of the resource); a wnte signal 

the input E2 of the multiplexer 4. The data elements are . - tU , v ., ./* ° , 

immediately available at the re-reading bus 3 and possibly at c °T g ^ bus < 2 > wlU . ta ™™ d ™« to be conditional 

the non-shareable hardware resource 9, while the MSB ^ at least one of the bits commg from the bus (2) is at 

control bit (at 1) is at the corresponding input of the gate 6. the data element then representing, at least partially, the 

Consequently, if a conditional write signal coming from the is um< * uc identifier, ^rent from 0, of the task attempting to 

bus 2 (bus 2 MSB at "1") appears, a 'T* appears at the output appropriate the semaphore. 

of the gate 6 and causes the switch-over of the multiplexer Most generally, the system in which the device of the 

4 to its input E2, prohibiting this write operation in the latch invention is laid out may consist of sub-systems (CPU cards 

5 so long as the bus 2 control bit is at "1". for cxamplt) set m clusterS) each sub _ sysXtm 0 r card pos- 
The task Tl immediately thereafter, or much later, reads 20 sibly comprising one or more processors. 

the contents of the semaphore latch 5 (in reading the latch 5 T c u a . • . j 

. ^ \. , j ?u ,i_ i In tne case of a hardware system associated with an 

on the bus 3), compares the value thus read with the value 4 . /rx „ v , 4 . ' . . , , . 

written (as sent on the bus 2), ascertains that they are °P eratm S s 3f em < 0S > o£ the . ^TT^ multl -P rocessor 

identical and deduces therefrom that the non-shareable c ^ P^f 580 " ™* a comma .memory 

resource 9, associated by software or hardware to the 25 and working with a common O.S.). .t ^ known that a task 

. . . , , • j » •* can be performed without distinction on several processors, 

semaphore, is indeed assigned to it. r . . , 4l _ r , . 

r ^ The processor number then is not used, since the same task 

If a task T2, different from Tl, had tried to write its can begin on one processor and end on another, 

information elements in the latch 5 just after Tl (or so long . ... t , 4 . „ . 4 Jfl . 

as Tl had not released the source 9) in the same way as Tl, 30 In a paraUel processor system of the cluster; type where 

. . . • * . m £ .* .« ' . each O.S. is duplicated, the processor number is used to get 

it would not have been able to do so for then the comparison - / . ' , \ . , 4 ... , * 

. . . c 4 . , . , .u u -i\ nd of identical numbers that might possibly be assigned to 

between its own information elements (sent on the bus 2) ^ different tas kg 
and the contents of the latch 5 (read through the bus 3) would 

have immediately proved a difference, since the contents of In the device of the invention, the data field must include 

the latch 5 would be those sent previously by Tl (the active 35 a unique task identifier or process identifier within the 

input of the multiplexer 4 is E2). Consequently, T2 would system. This identifier must, at the minimum, be unique 

have to wait for Tl to send a control bit equal to zero on the among the set of tasks and processors that may access the 

bus 2 to obtain the switch-over of the multiplexer 4 to El, same non-shareable resource. 

and thus enable T2 to record its contents in the latch 5. The ™ , c . . . - 

« it.-. a j • . • , „ The device of the invention has great security of opera- 
passage to zero of the control bit of Tl means unconditional 40 .... , . , * >i * 

... tj * .* . ^ it - „ tion. Indeed, when a hardware or software accident occurs 

writing and the semaphore reports resource free \ , ' -j \ 

& r r on one of the processors or tasks (with a unique identifier) 

The data elements other than the control bits sent by the that has obtained the possibility of using the non-shareable 

tasks on the bus 2 may be any data elements. They may, for resource, and before it has had the time to release the source, 

example, be used to encode the task number and/or proces- ^ a system that is not provided with the device of the invention 

sor number, thus informing the other tasks about the identity may remain paralyzed, in a situation where no other task is 

of the entity that has last used the resource 9. capable of using the resource. By contrast, the semaphore of 

It is important to note that the recording of the information the in ™tion enables knowledge at all timesof the use of the 

elements (data elements tcontrol bit) in the latch 5 is done resource , a f nd f the task , a °? ^'?« t ^ 

. , , , ■ , . i -tl- iU ■ j ■ . resource. If, for example, the task is, killed by the O.S., it 

in a single clock signal stroke. This enables the immediate 50 . r ' _ „ 4 r 1 , ' ,. J , 9 

. . . c # . « . „ . c ... is easy for the O.S. to release the corresponding semaphore 

association of the resource busy information with the * . . . c f *i_ r 

• ■ * .i . * j j *i_ . • *u or semaphores. Similarly, if one of the processors or one of 

identity of the task and/or processor that is occupying the 4l _ , r c / ' , f. 

resource and with the information elements thai may be * e , cards of the ^ ha ^ l ° be reset ' '« 15 ««y to ascertain 

transmitted by this task. ? at 3 P~tected by the semaphore of the invention 

' 55 has remained blocked, and then to release this resource. 

The device 10 shown in FIG. 2 has the same latch 5 as the I4 . _ . . . 4l _ „ 4 . 

device 1 of FIG. 1, but no longer has the multiplexer 4. In * aS 15 b / ! he P n ° r art > a memor y wer « t0 ^ 

this device 10, the MSB wire of the bus 2 and the MSB U f d ° record ,be task and/or Processor number just 

. . e *u i * u e i * jx a *l * 4: alter the semaphore is taken, it would remain impossible to 

output of the latch 5 are also connected to the inputs of an . .. f. e . t , » , . •m^.v w 

nn r . 4 c t . . r , ,. , c r ,. t . r know the identity of the task and the processor blocking the 

OR circuit of the gate 6' which forms a condition of _ . r . 3 . v , & , 

* *u 11 i o ^ • • 4 60 resource if the operatmg anomaly were to occur between the 

propagaUon of the positive clock pulse 8 pertaining to an ... * B . J 

«*tJL~* „ w ' tfl ■ !T , ^ u c K v takmg of the semaphore and the recording of the task and/or 

attempt to write in the latch 5. _ « ^ •,, « c 1 . 

r processor number. It will be noted that a period of time that 

The device 10 works similarly to the device 1, for the may be fairly lengthy could elapse between the taking of the 
latch 5 transmits its contents to its output, hence to the semaphore and the writing of the task number and/or pro- 
resource 9, only if the resource 9 is free (MSB wire of latch 65 cessor number if a disturbance (such as an interruption, bus 
5 at "0") or if the writing is unconditional (MSB wire of bus arbitration, O.S. page numbering etc.) should occur between 
2 at "0"). two events. 
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The data field of the semaphore, apart from the data 
elements concerning the task and/or processor number, may 
include an information field or control field related to the use 
of the resource. In the most frequent case where the resource 
is free, as of the first write access, this information field 
and/or control field (for example: input/output starting 
command) is available for use by the system and/or its 
software. 

This gives a gain in the request execution time and in the 
time during which the resource is unavailable for the other 
tasks as compared with the more conventional method of 
reading/modification/writing (test and set, for example). 
This time could possibly be lengthy if a disturbing event 
(relating to an interruption, bus arbitration, operating system 
page numbering etc.) were to occur in the task requesting 
access to the resource between the taking of the standard 
semaphore and the furnishing of a command/information. 

Should the operation be performed in "user" mode, a user 
level task can easily use the semaphore according to the 
invention for the following reasons: 

no preferred instruction is required; 

an exception (interruption, operating system page num- 
bering etc.) may occur at any time without bringing into 
question the protection of access to the shared resource. 

The device of the invention is very simple to implement 
in hardware terms and can be used on two buses without any 
particular protocol. Indeed, a simple logic gate to express the 
write condition and a device to perform this write operation 
(a multiplexer for example) are enough. This device can be 
used on any type of bus in heterogeneous environments. The 
bus or buses merely have to possess data bits and the 
possibility of carrying out standard read/write cycles and 
must be used simultaneously to access the semaphore 
register, by various means including through a computer 
network. 

The typical problem that arises with the semaphores is 
that of priority of access to the non-shareable resource in the 
event of requests from several tasks that are very close to 
one another: 

(a) — firstly, it is often desirable to ensure that all the tasks 
will arrive in an approximately equitable fashion (by 
rotating priority) or else according to a fixed priority to 
take the resource; 

(b) — secondly, the tasks that await the release of a 
resource should not generate bus traffic that becomes 
unnecessary and excessive because it is ascertained, far 
too often, that the resource is not free. 

To obtain this result, it is possible, within the data field of 
the semaphore, to define a field that quantifies the expected 
period of time still to be covered for the occupancy of the 
resource. As and when the occupancy time elapses, this field 
may be updated (decremented for example) by an additional 
form of writing (by the task responsible for releasing the 
resource and not necessarily by the task that has taken it) 
which is a form of unconditional writing in the latch, leaving 
the state of the semaphore at «busy»(with implementa- 
tion by an additional bit of the control field or access to the 
same latch at a different address). It is the task responsible 
for releasing the semaphore (the task that has taken the 
semaphore or else a productive task as the case may be) that 
updates this field. 

Any task that sees the semaphore occupied by rereading 
and comparison of the task/processor number thus, from the 
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very beginning of the occupancy of the semaphore and 
without any risk of error, knows the amount of time at the 
end of which it must again seek to appropriate the sema- 
phore. This prevents unnecessary attempts to access the bus. 
The criterion (b) is thus fulfilled. To fulfil the criterion (a), 
it is enough for the task to wait for an additional period of 
time determined as a function of its priority. The lower the 
priority, the greater will be the additional period of time. If 
equitable priority access to the resource is desired, it is 
preferable for the task which sees that the source is busy to 
introduce a small random period of time in addition to the 
scheduled period of time and the period of time determined 
by its priority. 

The availability of the scheduled period of time for access 
to the resource is effective as soon as the semaphore is taken 
and simultaneously with this event. 

A particular implementation of the semaphore register 
described here above enables the semaphore-taking phase to 
be limited to a single read cycle on the bus, instead of two 
read/verification cycles: the least significant bits of the 
address of the read cycle may be used to convey the value 
to be written (conditional or unconditional writing) into the 
semaphore register, which is selected whatever the value of 
these least significant address bits. Thus, physically, a single 
read cycle on the bus enables the assumption of control over 
the semaphore with all the advantages of security, speed and 
simplicity of implementation described here above. 

What is claimed is: 

1. A semaphore register device for multi-processor 
systems, comprising: 

a single latch comprising at least one control field and one 
data field, and 

means to control writing, in said single latch, of data 
information sent on a first bus to which the processors 
of said multi-processor system are connected, said 
control means being connected to at least one control 
bit wire of said bus and to the output of the at least one 
control field of the latch, the data output of the latch 
being further connected to at least one second bus for 
the re-reading of the latch by one of said processors and 
to a non-shareable hardware resource, wherein said 
control means comprise a multiplexer having a first 
input connected to the data output of the latch and 
another input connected to the first bus, an output of the 
multiplexer being connected to the input of the latch, 
and an AND gate, one input of which is connected to 
at least one control bit wire of the bus and another input 
of which is connected to the output of the control field 
of the latch, an output of the AND gate being connected 
to a control input of the multiplexer. 

2. A device according to claim 1, wherein the data field 
comprises at least one of the following data elements: 
number of the task accessing the resource, number of the 
corresponding processor, task identifier that is unique among 
all the tasks likely to seek access, at the same point in time, 
to the resource, scheduled period still to elapse for the 
occupancy of the resource. 

3. A semaphore register device for multi -processor 
systems, comprising: 

a single latch comprising at least one control field and one 

data field, and 
means to control writing, in said single latch, of data 

information sent on a first bus to which the processors 
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of said multi-processor system are connected, said 
control means being connected to at least one control 
bit wire of said bus and to the output of the at least one 
control field of the latch, the data output of the latch 
being further connected to at least one second bus for 5 
the re-reading of the latch by one of said processors and 
to a non-shareable hardware resource, wherein said 
control means includes a circuit comprising gates 
whose inputs are connected to at least one control bit 
wire of the first bus and to the output of the control field 10 
of the latch to control the propagation of clock pulses 
to the latch and wherein an output of the gate is 
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connected to a clock input of said latch, a signal input 
of the latch being connected to the first bus. 
4. A device according to claim 3, wherein the data field 
comprises at least one of the following data elements: 
number of the task accessing the resource, number of the 
corresponding processor, task identified that is unique 
among all the tasks likely to seek access, at the same point 
in time, to the resource, scheduled period still to elapse for 
the occupancy of the resource. 

* * * * * 
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